INTRODUCTION
============

Right colonic diverticulitis (RCD) is a common disease, especially in Asia, and it does not have a clear treatment strategy because of difficult pre-operative diagnosis. However, diagnostic criteria using symptoms that are distinguishable from appendicitis and the use of universalized computed tomography (CT) are increasing pre-operative diagnosis of RCD \[[@B1], [@B2]\]. Western countries in the past insisted on an aggressive resection because of frequent relapse after symptomatic treatment and necessary surgical treatment \[[@B3]-[@B5]\]. However, current research supports symptomatic treatment because clinical findings are not severe and the disease itself is self-limited \[[@B6]-[@B8]\]. This article discusses the epidemiology, symptoms, diagnosis, treatment, and prognosis of RCD.

EPIDEMIOLOGY OF RCD
===================

Although RCD has been reported to be a rare disease in Western countries, it is very common in Korea, with an incidence per 2.9-17 cases of appendicitis \[[@B1], [@B2], [@B8]-[@B13]\]. Also, although the diagnostic rate has been low in the past, the use of universalized abdominal CT scans and improvements in diagnostic criteria have increased the diagnostic rate to 85.7% \[[@B1], [@B2], [@B8]\]. RCD is especially common among males (2-3. 2:1) in their relatively early years (32-53.1) \[[@B1], [@B2], [@B6], [@B8], [@B14]\]. On the other hand, left colonic diverticulitis (LCD) is more common among females (based on autopsy research), with 40-50% being over 75 years old, and 13% being under 54 years old, thus showing a greater frequency among aging patients \[[@B15]\]. The frequency of right colonic diverticula among Caucasians is reported to be 1.5% whereas the frequency among Asians is reported to be 55-70%. Therefore, RCD occurs more frequently in Asians than Caucasians because of innate characteristics, and RCD occurs more frequently than LCD in males \[[@B16]-[@B19]\].

SYMPTOMS OF RCD
===============

It is difficult to distinguish RCD from appendicitis because of their similar signs and symptoms at time of presentation, so preoperative diagnosis is often difficult. However, the clinical characteristics of RCD, such as relatively long right lower abdominal pain, less systematic inflammatory response, less nausea and vomiting, and ache starting from the right lower abdomen, have been reported to be different from those of appendicitis \[[@B10]-[@B13]\]. In our previous retrospective study of 90 patients with RCD, the preoperative positive diagnosis rate was 43%, which is higher than in other previous reports \[[@B2]\]. This was because a diagnosis of RCD was made with a CT scan when there were symptoms and signs, such as right lower quadrant pain without migration of the pain and leukocytosis, or if the patients presented with diarrhea and no sign of systemic toxicity, plus a lateralized right lower quadrant pain that is uncommon in patients with appendicitis. The clinical findings from which RCD could be diagnosed preoperatively in our previous study were selected from the major criteria. However, with the minor criteria, the clinical findings by which RCD was differentiated from appendicitis were symptoms common to other diseases.

When these criteria were applied, the sensitivity was 11/13 (84.6%), and the specificity was 59/87 (67.8%) ([Table 1](#T1){ref-type="table"}) \[[@B1]\]. Cases without migrating abdominal pain and with normal white blood cell count \< 10,000/mm^3^ showed significant differences in these diagnostic criteria when compared with cases of appendicitis.

The above results agree with the results of other RCD research, which showed less pain migration from the upper to the right lower abdomen and pain starting from the right lower abdomen \[[@B1], [@B2], [@B12], [@B13]\]. The results also agreed with the results from the author\'s previous research where 64 patients (71.1%) had pain starting from the right lower abdomen \[[@B20]\]. According to other results from the author\'s research, when the white blood cell count was less than 10,000, 86% of the patients did not have appendicitis \[[@B20]\]. Other researchers have reported that among RCD cases, 29 patients (32.2%) had white blood cell count less than or equal to 10,000/mm^3^, and 33 (36.7%) had neutrophil less than 70% \[[@B2]\]. Based on these results, RCD is difficult to differentiate from appendicitis in its early stages because of their symptoms being similar, but less systematic inflammation reaction might be a differentiating category. Cases with severe diverticulitis show severe systematic inflammation, but misdiagnosis is prevented by many studies used to differentiate this condition from other diseases caused by aggravated symptoms. In many cases of RCD, the pain region is more lateral and above that of appendicitis. Thirty eight point five percent of the patients with RCD and 18.4% of the patients with appendicitis had pain regions that were not the right lower abdomen, but these differences are not statistically significant \[[@B1]\].

The first minor criterion of not having nausea and vomiting was reported in other research to be 11-35.4% of RCD patients and 32.1-75% of appendicitis patients \[[@B9], [@B10], [@B14], [@B21]-[@B23]\]. Through a retrospective study, only 17 patients (18.9%) showed nausea, and 5 patients (5.6%) showed vomiting \[[@B2]\]. In a prospective study, only 1 out of 13 patients with RCD had nausea and vomiting; showing a significant difference from patients with appendicitis (P \< 0.001) \[[@B1]\]. Because other diseases do not have such symptoms, it might be meaningful to include this parameter as a minor criterion. However, these symptoms might not occur in other diseases, they may be significant in differentiating RCD from appendicitis as a minor criterion. Reoccurring abdominal pain was found in 30.8% of the RCD patients and in 11.8% of the appendicitis patients. Although this result was not statistically significant (P = 0.093), it may be useful because cases with RCD tend to show reoccurring pain \[[@B1]\].

RCD DIAGNOSIS
=============

The sensitivity and the specificity are reported to be as much as 98% in CT scans for RCD \[[@B22]\]. Criteria for diagnosing RCD via CT scans are thickening of the large-intestine wall (\< 5 mm), pericolonic fat infiltration, pericolonic abscesses, intramural air bubbles, a sinus tract, and extraluminal air \[[@B22]-[@B24]\]. From our previous studies, all patients with RCD showed large-intestine wall thickening and pericolonic fat infiltration, 90% had ileocolic lymphadenopathy, and 60% had diverticula and a normal appendix \[[@B1]\]. CT scans in left sided diverticulitis cases are being reported to have sensitivities of 91-95% and specificities of 72-77% \[[@B24]\]. However, there are reports mentioning the difficulty of differentiating RCD from colon cancer \[[@B1]\]. Although some reports claim that inflammatory diverticula and a preserved enhancement pattern of a thickened colon wall can be used as differentiating factors, colonoscopy or a barium enema (BE) is necessary for accurate differentiation. A retrospective study showed that 62.2% of the RCD patients had 2 or more diverticula \[[@B2]\], and a prospective study showed that more than 66.7% were multicentric \[[@B1]\]. These results convey that a BE should be performed after management because there were multiple right colonic diverticula in many patients and an accurate diagnosis and a differential diagnosis are needed. Also, the fact that diverticula are multicentric once more signifies the importance of preoperative diagnosis.

TREATMENT AND PROGNOSIS OF RCD
==============================

In RCD patients without complications, most doctors report that symptomatic treatment by using antibiotics is possible. However, the preoperative diagnosis rate is low, so the role of antibiotic treatment is limited \[[@B6], [@B7]\]. However, the author\'s previous research showed that symptomatic treatment is effective when the preoperative diagnosis rate is increased \[[@B1]\]. These results, however, are retrospective results and might have a selection bias in that the treatment was effective on patients with minor symptoms ([Fig. 1](#F1){ref-type="fig"}). In order to remove the bias, a randomized controlled trial is necessary. However, all RCD patients are being treated with symptomatic treatment based on experience. The treatment method is phleboclysis of three types of antibiotics (cephalorprin, aminoglycoside, metronidazole) during hospitalization and oral antibiotic administration for 7 days after discharge. In cases where the patient has pain during outpatient, the period of oral antibiotic administration is extended. Water intake is available when there is tenderness without abdominal pain, and the patient is discharged when symptoms are not exacerbated after digesting porridge. A barium enema is performed 1 month after discharge, and it has been reported that diverticulitis patients with complications lower than type I can be cured without other complications. The relapse rate is only 16.7%, and most cases are cured through symptomatic treatment. Cases needing surgical treatment are successfully cured by surgery without complications after knowing the exact number and location of diverticula \[[@B8]\]. These patients do not show differences in clinical characteristics when compared retrospectively with patients of previous research. There is no difference in the relapse rate, which indicates that symptomatic treatment is a basic treatment for RCD without complications ([Fig. 1](#F1){ref-type="fig"}).

Recent research reported that mesalazine could be used in the treatment for left side diverticulitis because of the theoretical fact that colon diverticulitis has a pathogenesis similar to that for inflammatory enteritis. However, more research is necessary to verify that conclusion because there is no precedent of mesalazine being used in RCD treatment \[[@B25]\].

Surgical treatment is often necessary to confirm cases, relapsed cases or complicated cases. A diverticulectomy and an appendectomy are used as surgical treatment for inflamed diverticula. These methods can be used in patients in whom inflammation is not severe and the area containing the diverticula can be distinguished from the normal surrounding area. Although these methods are widely performed because of fewer complications and less possibility of relapse, the possibility of a malignant tumor and the possibility of a relapse occurring if the RCD is multicentric cannot be disregarded \[[@B1], [@B2], [@B4], [@B9], [@B13], [@B26]\]. However, in cases diagnosed during surgery, it is impossible to determine all the locations of the diverticula without inflammation, and the operation is not planned surgery, so there are some risks associated with extensive surgery. Also, the relapse rate is high when only antibiotic treatment is done after an appendectomy \[[@B2]\]. According to our previous study, 4.3% of the patients who only underwent a diverticulectomy had relapses, and these patients had multicentric diverticula and showed relapses after 24 and 26 months, respectively \[[@B2]\]. Thus, a diverticulectomy has a smaller surgical range, fewer complications, and a similar relapse rate when compared with a right hemicolectomy, so it might be recommended for cases with a single diverticulum or for cases diagnosed during surgery \[[@B8]\].

The second method is ileocecectomy or right hemicolectomy. These methods allow histologically-based diagnoses, and the appropriate cancer surgery is conducted when carcinoma cannot be excluded and recurrence can be prevented \[[@B7], [@B13], [@B21]\]. The disadvantage of these procedures is a higher possibility of morbidity and mortality as compared to other surgical procedures; as well as a physiologic change due to the removal of the ileocecal valve. Many researchers have reported an ileocecectomy to be a safe surgical procedure and to be the preferred treatment for preventing relapse with only minor complications \[[@B6], [@B7], [@B9], [@B10], [@B21], [@B27]\]. In our case, three right hemicolectomies and five laparoscopic right hemicolectomies were done without major complications. A right chemicolectomy is performed when patients have complicating diverticulitis and it is impossible to do only a diverticulectomy and when differentiation from a malignant tumor cannot be confirmed \[[@B8]\].

After the development of laparoscopic surgery, differentiation between RCD and appendicitis became easier through laparoscopy. Now through the advanced techniques of laparoscopic surgery, diverticulectomy, ileocecectomy and right hemicolectomy are being performed as well \[[@B2], [@B8], [@B28]\]. In the past, there were no data comparing open and laparoscopic surgery for RCD patients. According to one report about left colon diverticulitis, laparoscopic surgery had a longer operation time but a shorter hospitalization period \[[@B29]\]. In my case, there were no statistical differences in operation time, hospitalization period and relapse rate between open and laparoscopic surgery \[[@B8]\].

CONCLUSION
==========

RCD is a common disease in South Korea, and an accurate diagnosis is needed to avoid an unnecessary appendectomy. As one of the treatment methods, a diverticulectomy is recommended because it has a low relapse rate and fewer complications when uncomplicating RCD is found during surgery. However, a right hemicolectomy should be performed in cases with multicentric diverticulitis, severe complications, and indistinguishable status. In addition, laparoscopic surgery is a safe and effective treatment method with a similar hospitalization period and similar relapse and complication rates, despite its having a longer operating time. Symptomatic treatment using antibiotics is only appropriate for uncomplicating cases that have been accurately diagnosed.
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![Probability of recurrence after the first treatment by groups. (A) The Kaplan-Meier estimated recurrence rates for groups I, II, and III were different, and this finding was statistically significant (P = 0.0086): Group I, conservative medical management; Group II, aggressive resection; Group III, conservative surgical management. (B) The Kaplan-Meier estimated recurrence risk was not significantly different between the retrospective study group (Group I) and the prospective study group (Group II) in conservative medical management (P = 0.602).](jksc-26-241-g001){#F1}
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Values are presented as number (%).

RCD, right colonic diverticulum; N/V, nausea or vomiting; D/C, diarrhea or constipation.
